Abstract
A technique is presented for the experimental determination and assignment of dipolar coupling constants from the NMR spectra of molecules ~ dissolved in liquid crystals. The technique is applicable to .larger molecules than have been studied to date. Random deuteration of the molecule \.1 . results in a statistical mixture of partially protonated species which can be analysed by two-dimensional and multiple quantum NMR techniques to determine and assign all the dipole coupling constants. Benzene is used as an illustrative example.
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Introduction
Proton NMR of molecules dissolved in liquid crystal solvents has been a useful means of determining averaged magnetic dipole coupling constants from which structural parameters can often be inferred 1 . Beyond a certain size and lack of symmetry, typically more than eight to ten hydrogens on an acyclic molecule, normal Fourier transform NMR is not practical since the spectrum becomes intractably complex. For example, the proton NMR spectrum of oriented benzene displays seventy six lines 2 , whereas that of oriented hexane, illustrative of a class of flexible molecules whose conformational structure and motions are of interest, contains tens of thousands of transitions.
Two approaches to solving this problem can be envisaged. The first involves specific labelling with a few hydrogens ( most simply pairs) in an otherwise perde~terated molecule 3 . The advantages of this method are that the spectra and magnetic dipole coupling constants of these individual isotopomers are simple to analyse and assign. The disadvantage is that this approach can be synthetically quite demanding. The second approach, using the normal protonated molecule, involves exciting and detecting high nquantum NKR transitions. These are known to become simple and directly analysable as n approaches the number of spins 4 . An obvious advantage of this method is that no isotopic labelling is necessary, but, on the other hand, it is extremely difficult to obtain high n-quantum transitions (e.g. n -12 in hexane) with practically useful sensitivity. Thus the first approach can be characterized as requiring difficult synthesis but straightforward NMR whereas the second is easy on sample preparation but requires complex NMR techniques.
In this paper, we describe a model study which incorporates the 4 advantageous features of the above approaches. The idea is to randomly deuterate the compound to a certain level, yielding a statistical mixture of partially protonated molecules. The NMR spectrum of this mixture will be extremely complicated. but if the spectra of the individual isotopomer constituents in the mixture can be separated out, then they may be simply analysed. This can be achieved by two-dimensional and multiple-quantum NMR techniques. Two-dimensional NMR allows correlation of lines arising from the same isotopomer and multiple quantum NHR allows a classification of these isotopomers according to their number of spins and topology. The method is synthetically less demanding than specific labelling and the NMR is easy if the level of protonation is such that n is not tod high. As an example, randomly deuterated benzene is used, since its NHR spectra in liquid crystals is well understood and it serves as an excellent prototype for this study. Dipole coupling constants Figure 2 shows the spectrum of (a) benzene and (b) 80% randomly deuterated benzene. (b) is a superpositon of spectra from isotopomers with, in this case, 1 -3 protons. (a) is a single isotopomer, the most highly protonated one. It is the high symmetry of benzene that reduces this spectrum to a simple one. In general, however, a molecule with 6 or more protons will have a complicated single quantum spectrum, illustrated by hexane (c). Spectrum (b) is simple and easy to interpret provided the subspectra of different isotopomers can be disentangled.
The spectra of diprotonated species provide the dipole coupling constants directly. Peaks arising from the same molecule can be correlated on a 2-dimensional COSY map 5 . These will be A 2 or, in the case of non-zero chemical shift, AB spectra. Two-dimensional dipolar A 2 type spectra consist of a pair of lines in each frequency dimension, while AB type spectra give four lines in each dimension. The square patterns of diagonal and cross peaks for A 2 and a representative AB type, where Dij ~ (6 1 -6j) the chemical 6 shift difference, are illustrated schematically in Figure 3 . The dipole coupling constants are simply extracted from the splittings.
Signals from monoprotonated molecules can easily be eliminated using a two-quantum filter. The 2-quantum~filtered cosy6· 7 map for 80% deuterated benzene is shown in Figure 4 . It was taken using the pulse sequence: can themselves be extracted from the n-1 and n-2 quantum spectra of an nspin system 11 . The dipole coupling constants were determined with this method to be within experimental error of the values obtained from the COSY experiment.
Conclusion
We have shown that random deuteration can be usefully combined with multiple quantum NMR to extract dipole coupling constants and spectroscopically separate mixtures. A high deuteration level was used to select for 2 and 3 proton containing isomers. Dipole couplings were extracted from the 2 proton isomers and the assignments and connectivities were determined using the 3 proton isomers. The assignments were verified using multiple quantum spectroscopy on a more highly protonated mixture.
Work is in progress to apply these ideas to more complex systems. ., I ..
11 Table 1 Dipole coupling constants used for the simulated spectra of ~riprotonated benzenes shown in figure 6 . Ortho, meta and para coupling constants are indicated by subscripts o, m and p respectively. All values are in Hz . .
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